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Chapter 1. Summary and Introduction
Geothermal electricity production 1 capacity has grown over time because of multiple factors, including its renewable, baseload, and domestic attributes; volatile and high prices for competing technologies; and policy intervention. Overarching federal policies, namely the Public Utilities Regulatory Policies Act (PURPA), 2 provided certainty to project investors in the 1980s, leading to a boom in geothermal development. In addition to market expansion through PURPA, research and development policies provided an investment of public dollars toward developing technologies and reducing costs over time to increase the market competitiveness of geothermal electricity. Together, these efforts are cited as the primary policy drivers for the currently installed capacity (Fleischmann 2007 ).
In the United States, more than 2,000 megawatts electric (MWe) have been developed since 1960. Still, there is evidence that the amount of geothermal resource is large relative to the current electric capacity (Kreycik, Doris, and Vimmerstedt, forthcoming) . Today, changes to PURPA and inconsistent funding levels for research and development have slowed growth in geothermal electricity development, despite highly volatile electricity prices, an abundant resource, and public interest surrounding local and diverse resources. This research explores the effectiveness of the historical and current body of policies in terms of increased geothermal electricity development. Insights are provided into future policies that may drive the market to optimize development of available geothermal electricity resources.
Policy has the potential to drive the development of renewable energy resources through technology development, risk reduction, barrier reduction, and price equalization.
3 Development of the geothermal resource markets require the following of public policy:
• Long-term (multi-year) upfront cost defrayment to reduce risk and provide support until power production begins • Targeted policies in accordance with resource availability • Appropriately sized incentives to meet the needs of the full range or some portion of the range between 250 kilowatts (kW) to multi-megawatt facilities • Appropriate recognition of the environmental and load benefits of baseload renewable energy generation.
1 This paper focuses on electricity production from geothermal resources. Ground source heat pumps and other direct applications are not considered. Electricity generation includes the range of known technologies from conventional hydrothermal power through enhanced geothermal systems (EGS). Geothermal resources are widely available, though at varying degrees of electricity-generation potential. Conventional hydrothermal resources are currently used in the western half of the United States, but the potential for EGS may be extensive nationwide. In addition to broad potential applicability, using geothermal resources for electricity generation provides a low carbon, non-variable source of fuel-cost-free baseload capacity (GTP 2009) 2 16 U.S.C. Sections 2601-2645. 3 Note: This report covers incentives for the development of renewable electricity development from geothermal energy. Barriers that apply across all electricity development, such as transmission development incentives that may be critical to large-scale market penetration of renewable resources, are beyond the scope of this report. However, several regional organizations, such as the Western Governors Association, are researching such issues.
In the case of electricity generation from geothermal resources, the relationship between the historical role of state and federal policy in geothermal project development is not quantitatively clear in meeting these needs. In this paper, the potential role of policy with respect to other factors that influence renewable development in general are discussed, and then more specifically geothermal resource development. Then historical and current policies used by the federal and state governments are explored to promote geothermal power and identify gaps within those policies (Chapter 2), as well as opportunities for improving and expanding the role of policy in geothermal electricity development (Chapter 3).
Findings indicate that existing federal and state policies do not provide the comprehensive and consistent policy environment that is necessary to spur on development of geothermal electrical generation. Specifically, the current set of policies:
(1) Lacks focus on the special needs of geothermal resource development (2) Lacks adequate financial resources to support market expansion and development (3) May be targeting a limited or incorrect audience (e.g., providing residential-scale incentives instead of utility incentives for large projects).
More appropriate policies at the federal and state level could foster technology development and increased investment by the private sector, spurring geothermal resource development.
Opportunities to improve and expand geothermal power policy include:
• Streamlining and updating federal policies governing geothermal leasing, permitting, and drilling on federal lands. The recent Bureau of Land Management (BLM) and U.S. Forest Service (USFS) efforts to streamline leasing of BLM land are an example of new policies being implemented to reflect interest in increasing geothermal electricity development.
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• Designing state-specific policies with geothermal-specific attributes. Such attributes could include geothermal "set asides" in renewable portfolio standards that require geothermal resources to be used for a percentage of the renewable portfolio mandate. Although there is limited experience in "set asides" for geothermal, this strategy has been successful in opening markets for solar in other states (Wiser and Barbose 2008) .
Continued development of coordinated agency activities in the streamlining of electricity generation for geothermal resources, especially emerging technologies, could lead to increased market penetration.
• A better understanding of the federal and state ownership, legislative, and regulatory rules regarding geothermal resources and their development. The American Recovery and Reinvestment Act (ARRA) specified development of a data system for geothermal information (outlined in the body of this paper). This effort may provide the beginnings of a dataset that could reduce information barriers for investors and developers, thereby creating an incentive for developers.
• Exploring innovative and emerging policies, such as feed-in tariffs (FIT) , that can provide equitable, consistent support to renewable technologies. FITs provide fixed-price payments, differentiated by technology, to power producers on a per-kilowatt-hour basis. FIT policies can be considered as an augmentation or alternative to current financial incentive policies. Because of the potential transparency and investor confidence they provide, FITs could be a powerful support mechanism for geothermal development.
More research connecting the role of policy to geothermal resource development is necessary to understand the impacts of enhancing geothermal policies. Primary topics to provide more insights are as follows:
• At the federal level, there are two primary areas for analysis: o A rigorous and quantitative understanding of the impact of policy on directing research and demonstration (R&D) over time to determine if policies create risk reduction and private sector uptake. o Additional research to understand policy impacts for increasing access to federal lands for renewable energy projects to determine if the benefits of geothermal power production outweigh the potential drawbacks (e.g., ecological impact). The December 2008 BLM/USFS Record of Decision (BLM 2008) on leasing requires evaluation for impact of those revised policies on geothermal development.
• At the state level, there are three primary directions for improving policy coverage:
o Identify state policies with the highest impact on development of geothermal power production. Understanding policy design, impacts of policies, and aspects of policies that specifically target geothermal is necessary for better informing policy design. o Understand the role of policy in different resource and economic contexts. (Resource contexts could include both high and low temperature geothermal energy, as well as hydrothermal and direct use applications.) o Estimate the impact of potentially innovative policies that states could implement to promote geothermal development and power production.
In addition to these independent federal and state research needs, informing policy decisions depends on the combined impacts of policies at the federal and state level on geothermal development. Identifying high-impact suites of policies for different contexts, and the government levels best equipped to implement them, would provide a wealth of information to both policy makers and project developers.
Chapter 2. Historical and Current Policies Influencing Geothermal Development and the Gaps within Them
Renewable energy development is driven by a number of interacting factors (Figure 1) . It is therefore a challenge to identify the most effective policies for encouraging development of resources (Brown and Busche 2008, Doris et al. Forthcoming) . In addition to these factors, different policies have different impacts along the technology development continuum from hydrothermal to enhanced geothermal systems (EGS). This in turn increases the difficulty in identifying the appropriate policy to maximize technology application. This chapter provides an overview of the major policy development challenges surrounding geothermal and then the historical (Section 2.1) and current (Section 2.2) policies intended to influence geothermal resource and technology development are reviewed.
Terminology presents a major challenge in evaluating historical and current policies' impact on geothermal development. As noted in the introduction, this research focuses on geothermal resources for electricity production, 5 not direct-use or ground source heat pumps (a.k.a. geothermal heat pumps). Direct-use technologies pipe hot water from deep in the earth for direct uses such as heating buildings, aquaculture, and crop drying. Ground source heat pumps are heat exchangers connected to an in-ground, shallow (10-20 feet deep) pipe system that takes advantage of the relatively constant temperature of the earth to provide heating and cooling in residential and commercial applications. Neither of these geothermal resource uses produce electricity.
It is clear that there are technological difference between these technologies and the technologies on the continuum from hydrothermal to EGS that convert the earth's heat into electricity. However, policy recognition of the difference is lacking. In general, historical and current policies lump all types of resource use together. Because of the differences in technology scale, end use, costs, and degree of commercialization, the effectiveness of the general incentives could be minimized. For example, several state incentives offer a several-hundred-dollar rebate to geothermal technologies. Rebates at such a low level will not significantly impact single to multi-megawatt geothermal electricity production facilities that cost millions of dollars to develop and take years to get to production of electricity. However, these policies apply to all types of these earth-based technologies, under the nomenclature of geothermal technologies. Because these policies could apply to all technologies, they are all listed in this report, but the next steps suggest a separation of the policies identifying primary target technologies to better understand how different policies affect each of the technologies' market penetration.
There is another major challenge in the use of policy for developing geothermal resources for electricity: the specific resource and technology attributes combine to form unique opportunities for policy intervention to correct market barriers that face both fossil and renewable electricity production. These attributes include:
• Geothermal resource can provide baseload electricity production • Geothermal is resource location dependant
• Geothermal can be both utility and distributed scale • Geothermal electricity can be produced on the distributed (approximately 250-kW) and utility (multi-megawatt) scales • Geothermal power plant development can take years, incurring high first costs and high risk to investors for long periods of time.
As a result of the combination of all these attributes, policy designs targeting these opportunities could be the most effective at promoting development of the resource. These policy designs might include specific attributes to meet the needs of geothermal development, including:
• Long term (multi-year) upfront cost defrayment to reduce risk and provide support until power production begins • Targeted policies in accordance with resource availability • Appropriately sized standards and incentives to meet the needs of 250-kW to multimegawatt facilities • Appropriate recognition of the environmental and load benefits of baseload renewable energy generation.
In the remainder of this chapter an overview of the historical and current policies that can be applied to geothermal resources is provided. Limited observations are made on the effectiveness of policies related to major increases in market penetration for geothermal electricity based on available data. Chapter 3 provides insights into the potential policy attributes that may have a large impact on the market and identifies where additional and different policies could better fill existing policy gaps. 
Review of Geothermal Development and the Role of Policy
The first major surge of geothermal resource development occurred between 1979 and 1992, during which more than 50 geothermal power plants were installed in three states (Fleischmann 2007) . During this time, interest in domestic energy resources increased as a result of the 1973 oil embargo and subsequent high energy prices. In reaction, the federal government implemented four primary types of policies directed at the development of the geothermal electricity market:
1) Investment in research, development and demonstration (RD&D) 2) Mandating utilities to purchase renewable power at avoided costs through the Public Utilities Regulatory Policies Act (PURPA) 3) Loan guarantees 4) Investment tax credits (ITCs).
While all four of these incentives intended to encourage private-sector investment in the full range of geothermal technology, RD&D and PURPA were the primary drivers due to the scale and scope of those programs.
Research, Development & Demonstration Investments
Development of geothermal resources has been promoted at the federal level through RD&D investment policies. RD&D investments from the public sector are correlated to increased patents, an indication of private-sector investment in technology development (Margolis and Kammen 1999) . Public-sector funding for geothermal demonstration is critical to larger electricity installations because these require extensive siting and permitting processes, and public-sector involvement can reduce risk of failure along the project development pipeline.
Public, policy-driven RD&D funds are directed along the continuum of geothermal technology development, from initial laboratory development to resource characterization, exploration, and cost-shared drilling and energy conversion technologies. The late 1970s and early 1980s experienced rapid growth in geothermal development that coincides nearly directly with increased RD&D funding (Figures 2 and 3 ), indicating that general RD&D findings from Margolis and Kammen (1999) likely apply to geothermal technologies. 
Public Utilities Regulatory Policies Act (PURPA)
In addition to RD&D funds, the federal government promoted the geothermal market through the federal passage and state implementation of PURPA in 1978, which required utilities to purchase renewable power at avoided power costs. 6 Under PURPA, contracts provided fixed payments for both energy and capacity to allow projects to obtain financing. At the time of issuance of these contracts, natural gas prices were high and projected to rise, so utility avoided cost was high, and the development of geothermal resources was economically viable given the guarantee of the power purchase. Geothermal development surged during the early years of PURPA from 1978 through 1989; almost 30 contracts were executed for more than 600 MWe of new capacity in California alone (EIA 1995) . Although PURPA is still enacted, its policy impact dwindled in the 1990s due to a decrease in utility avoided costs with the drop of natural gas prices.
Loan Guarantees
Loan guarantees are mechanisms that reduce investment risk by guaranteeing that the loan will be repaid by the federal government if the company defaults on the loan. The geothermal loan guarantee program was available between 1978 and 1982 and applied to both direct-use and electricity-producing technologies. The program dispersed $139.6 million in loan guarantees, only 47% of the guarantee limit. Of that, about $100 million was repaid by the applicants; debtors defaulted on $39 million, which was repaid by the government. Out of nine applicants to the program, four projects were not completed, three were successfully completed for direct use, and two hydrothermal power plants were completed (NCPA and ORMESA 1) for a total of 140 MWe. Both successful electricity generation projects had significant existing financial resources (the loan guarantee covered less than 50% of project costs), indicating that the loan guarantee program singly was not responsible for project success, but could be applied successfully in niche markets. In 1982, the program was terminated due to inconclusive evidence of impact (especially relative to PURPA impacts) and the remaining funding was redirected, although existing applicants to the program were honored with continued guarantees (Levite et al. 2005 ). 
Investment Tax Credits (ITCs)
Finally, the federal government also worked to develop the geothermal market through ITCs from 1978 through 1986. The Energy Tax Act, passed in 1978, made a 10% investment tax credit available to geothermal developers. The impact of the tax credit is uncertain due to limited data on the number or size of the projects that took advantage of it. The Energy Tax Act is not generally considered to be a major driver in geothermal energy development relative to PURPA and R&D; therefore it is not explored further in this report.
Despite the early explosion of geothermal development in the 1970s and 1980s, resource development continues to be dwarfed by resource availability. After the R&D investment and subsequent increase in geothermal development through the 1980s, a period of relative stagnancy 
Current In-Place Policies
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A recent resurgence in geothermal project development results from increased interest in domestic resources, high and volatile energy prices, and an interest in lower environmental impact energy choices. Today 103 hydrothermal plants are under development in 13 states (GEA 2008b) . As before, policy drivers appear to largely impact geothermal development. Key polices include:
(1) The availability of the federal production tax credit (PTC), opened to geothermal energy in 2004 for a portion of the wind credit and to the full credit in 2005. (2) The existence of state renewable portfolio standards (RPS) to augment the risk-reduction effects created by PURPA. In addition to the power-purchase risk reduction offered by PURPA and state-level RPSs, the revised federal geothermal leasing regulations (BLM 2008) are expected to expedite project timelines and drive the current market. (3) State and utility financial incentives (e.g., state permitting expedition, tax abatement policies) are being implemented to draw developers into states (Lantz forthcoming) . Due to the piecemeal process of policy development and the different reasons policies are put in place, there is no unified strategy for federal and state incentives promoting geothermal resource development.
The most recent additions to the policy landscape for geothermal production are the changes and updates to financial incentives for geothermal electricity generation in ARRA. The long-term impact of this policy development is not currently known due to the recent nature of the law.
The remainder of this section outlines current federal barrier reduction policies, federal incentive programs, state barrier reduction policies, and state incentive policies that apply to geothermal development.
Federal Barrier-Reduction Policies
The Energy Policy Act (EPAct) of 2005: This act had two primary provisions affecting geothermal energy production. First, it authorizes an update to a 1978 US Geological Survey (USGS) resource assessment. Second, EPAct 2005 outlines the process for unitization of geothermal resources by federal geothermal leaseholders.
The 1978 resource assessment identified geothermal resources for hydrothermal power generation that exist throughout the western United States, an area with a high percentage of federal lands. The new assessment of moderate-and high-temperature geothermal resources in 13 states identified 241 geothermal sites on private or accessible public lands in the western United States (USGS 2008 ). An estimated 90% of the nation's hydrothermal resources are located on federal lands (DOI 2008) . Because leasing public land has historically presented a challenge for developers, it is necessary for the government to facilitate their leasing and access to areas with known geothermal resources.
EPAct 2005 amended the leasing regulations for geothermal resources located on federal lands. The legislation requires that the bidding process be competitive (as opposed to sealed), which has opened up the resource nomination process to the market. The BLM is required to hold lease sales at least every two years to ensure that leasing applications are processed. Furthermore, the legislation required that a backlog of leasing applications prior to 2005 be processed. Finally, EPAct changed royalty shares between federal, state, and county governments to 25%, 50%, and 25%, respectively (GEA 2005).
Since passage of the bill, the BLM has held four auctions, summarized in Table 1 . These auctions have yielded the highest per-acre bid in all of the BLM's historical auctions. In 2007, the BLM's Deputy Director, Henri Bisson, stated that the new regulations related to auctions and leasing put the BLM in a good position to facilitate geothermal development, and that the shift to a competitive bidding process has led to a pivotal moment for renewable energy development on public lands (Renewable Energy World 2007). Beyond the auctions of available acreage, the BLM, in coordination with the Department of the Interior (DOI), released a new record for leasing decisions on BLM land (BLM 2008) . This record, released on December 17, 2008, allocates BLM land available for drilling, identifies a reasonable development scenario for the land, and adopts best practices in leasing and management practices for the land. The record is expected to streamline and reduce transaction costs, thereby reducing investment risk in geothermal development.
The second provision having an impact on geothermal electricity production is the procedure outlined in EPAct 2005 for the holders of federal geothermal leases to unite to ensure efficient use of geothermal pools. Unitization allows for multiple landowners or federal leaseholders to combine the geothermal resource to reduce necessary investments in equipment and optimize the use of the resource through identification and exploitation of the most economic resources first. The regulations, released in their final version in 2007, define two types of agreements that can be made between federal leaseholders:
(a) Unit agreement. An agreement or plan of development and operation for the production and utilization of separately owned interests in the geothermal resources made subject thereto as a single consolidated unit without regard to separate ownerships and which provides for the allocation of costs and benefits on a basis defined in the agreement or plan.
(b) Cooperative agreement. An agreement or plan of development and operations for the production and utilization of geothermal resources made subject thereto in which separate ownership units are independently operated without allocation of production (43 C.F.R. Part 3280, CFR 2009).
The unitization agreements outlined in the regulations specify the process the leaseholders use for unitization on federal lands, and represent agreements between the BLM and the entities holding the leases. Leaseholders must negotiate between themselves to identify the specific distribution of costs and benefits for each leaseholder, as this is outside the jurisdiction of the BLM. The process specifies that the unitizing leaseholders present a unit plan to the BLM for review and approval and the BLM officially establishes the geothermal production unit on federal land (Mastow and Braff 2008) .
PURPA Standard Offer Contracts: PURPA was implemented beginning in 1978 and still drives some geothermal development. Since PURPA's inception, the avoided costs to utilities have declined, making geothermal less attractive for developers in pursuit of PURPA long-term contracts. There are some situations, however, where avoided costs are high enough to attract geothermal developers. In Idaho, for example, PURPA rules led to the development of the Raft River project (which came online in 2008) because avoided cost rates are higher than might be encountered in other states due to higher natural gas prices (Fleischmann 2006a) .
Leasing Rights. Access to federal lands is limited due to environmental concerns. There are administrative and regulatory barriers for project developers to site their plant on public lands. Different requirements exist for BLM, USFS, and Tribal lands. Acquisition and leasing regulations vary depending on the type of federal land in question (GEA 2005) .
To address this barrier the BLM completed an analysis on environmental impact in order to facilitate leasing processes (BLM 2008) . This Programmatic Environmental Impact Statement (PEIS) defines appropriate resource-available areas, streamlines the leasing process and spells out best practices for project and land management for hydrothermal projects in the western United States (BLM 2008) . This PEIS is the starting point for interagency coordination and public-private partnership in project development. A potential addition to the guide would be to legislate at the federal level that the BLM can assign geothermal rights to current oil and gas lease holders, which would allow the current lease holders to sell geothermal-based electricity back to the grid. Implementation of the guide and continued development of partnerships is critical to success of geothermal projects. Additionally, a PEIS addressing leasing issues with EGS projects and addressing the geographic breadth of the United States would increase the effectiveness of the coordination and broaden applicable technologies. In February 2009, passage of ARRA changed the role of the PTC and ITC for geothermal facilities. The section of ARRA most relevant to tax incentives for geothermal electricity production is section 1603, a U.S. Department of Treasury grant that allows taxable entities to take the 10% ITC or 30% PTC (technology dependant) as a cash grant. The 30% PTC is first converted to a 30% ITC, and then converted to the cash grant. Treasury guidance (U.S. Department of Treasury 2009) indicates that energy produced by a geothermal facility (e.g., the power plant equipment) is eligible for 30% of the cost basis and that 10% of the cost of the equipment used to derive the energy from the deposit (e.g., wells) is eligible ( Table 2) . The Treasury guidance also states that any overlap in the geothermal definitions in the tax codes results in either 30% or 10% of the facility being eligible, but not both. Other changes related to geothermal policy related to the ARRA are the extension of the production tax credit (PTC) − should developers opt to take that instead of the Treasury grant − beyond 2009 to 2013. The PTC is available to geothermal projects for 10 years, providing the facility is in use by 2013. The long-term impacts of this economic stimulus-related legislation is unknown at this early stage of implementation, but given the length of time (years) for utility scale geothermal resource use to be realized, the new incentives may have the most impact on smaller-scale (approximately 250-kW) distributed geothermal technologies. In the two previous rounds of issuance, no CREBs have been issued by governments looking to use the mechanism for geothermal projects (Cory et al. 2008) . The bonds are primarily used for solar projects, but the reason for a lack of geothermal projects is unknown: it is possible that there is a lack of knowledge of the program in the geothermal community, that larger scale projects are eligible for the program but are required to bring a large percentage of other financing in order to successfully participate, or that there is a lack of projects with enough interested bond purchasers, among other reasons.
Federal Funding Opportunities and Financial Incentives
State Barrier-Reduction Policies
State R&D Programs: Because the scale of research and development is typically large and requires extensive investment, states are generally not well positioned to implement R&D programs without federal support. California is the only state with a state-funded R&D program for geothermal. Using funds from leasing royalties, California makes R&D funds available to qualifying applicants under the Geothermal Resources Development Account (GRDA) (CEC 2008) . From its inception in 1980, the program has funded at least four geothermal projects, as well as a number of direct-use projects (CEC 2008) .
State Renewable Portfolio Standards: State renewable portfolio standards (RPS) policies have been cited by developers as a significant driver for geothermal development, as they encourage utilities to sign power purchase agreements for geothermal power (Fleischmann 2007 , See Appendix 2) and serve to reduce the uncertainty that power available will be purchased. Eight of the thirteen states with planned geothermal plants have passed renewable portfolio standards. Only New Mexico's RPS has a set-aside for geothermal (together with biomass for a 10% total starting in 2011), in an effort made by the legislature to ensure a diversified energy portfolio resulting from the RPS. To encourage and to attribute higher value to geothermal development, New Mexico's RPS has a two-fold multiplier for geothermal energy. This multiplier strategy within the RPS mechanism is most commonly used for solar technologies that are rarely the least-cost option. Table 3 compares the current state of the market and the RPS targets in states with current or planned geothermal development (in these cases, hydrothermal, due to the commercial stage of the technology). In addition to ownership, the lack of understanding of geothermal resource unitization rules and regulations may be a barrier to efficient development of geothermal resources. Unitization of geothermal resources allows multiple landowners or leaseholders to pool the geothermal resource to optimize the expenses associated with resource access (e.g., equipment) and distribute the energy benefits, thereby more efficiently using the resource. While many states (e.g., Utah Administrative Code R850-27) clarify the ownership and unitization rights of leaseholders on state lands, unitization of private resources is less clearly outlined. State rules vary regarding private land unitization, from the state actively regulating the resource (e.g., Arizona Revised Statutes §27-664 Cooperative development agreements; unitization) to the state taking an interest when the resource is deemed in the public interest (e.g., Oregon Revised Statutes 522.405) to states being silent on private land unitization. Lack of state guidelines for unitization could be reducing the incentive for landowners to optimize the geothermal resources available.
Regulatory permitting, too, can be a hindrance to geothermal development (Hance 2005) . Different, and in many cases, multiple state regulatory bodies are responsible for permitting geothermal wells; the process is not always straightforward. Many states have regulations for permitting water wells and oil/gas wells, but not for geothermal wells specifically (Fish and Heaps 2009 ). This lack of clarity can cause delays in permit approvals and in project development, increasing geothermal capital costs due to increased financing costs.
Ownership, unitization, and regulatory permitting are only three potential contextual issues with broad impacts on the development of geothermal resources. Increased clarity of the rules and interests of states is a first step in gaining better understanding of the process that needs to be undertaken by developers in each state. A broad review of the potential legislative and regulatory barriers to development could identify further areas where regulatory and legislative clarity at the state level could contribute to the reduction of barriers to resource development.
State Financial Incentives
State Tax Incentives: Fifteen states offer one or more tax incentive(s) that can be applied to geothermal development. 14 Table 4 describes the current level of these incentives and compares the incentive availability with the amount of installed and planned capacity in the state. There is currently no identifiable, direct relationship between installed capacity and current tax incentives, regardless of the amount of time the tax credit has been in place. This may be because of (1) the inadequacy of incentives to spur development in the state, as a result of other regulatory and siting barriers, (2) the relatively short time state incentives have been in place, (3) a mismatching of resource and incentive availability, or (4) a lack of focus on geothermal resources as a potential technology to apply for the incentive.
A critical aspect of state tax incentives is that they apply to commercially viable or near commercially viable technologies, not technologically emerging ones. This is particularly important in the case of geothermal technologies due to the emerging nature of EGS technology. While the current incentives may not be highly effective for maximizing the already-commercial hydrothermal technologies, well designed and funded state incentives may play a role in the development of markets for EGS when that technology is near commercial, as well-designed tax incentives targeting commercial technologies have been shown to have an impact on utility scale renewable energy development (Lantz and Doris, forthcoming) . The table shows that a handful of states -including Montana, North Dakota, South Dakota, Indiana, Kansas, and Maryland -offer tax credits for geothermal but have not experienced any market development in electricity production from geothermal. Note that some of these incentives, considering relatively small scale and scope, are likely to target nonelectricity generation technologies, such as direct-use geothermal and ground source heat pumps. As a result, there is potential that the impact of the programs is manifested in those markets, and the impact on geothermal capacity development is masked. The western states with tax incentives (e.g., Montana, North Dakota, Indiana, and Kansas) have some limited resource available as well as a tax incentive, and little to no development. This indicates inappropriately sized or targeted incentives, and, based on the small size of incentives, is likely to be a reflection of a focus on nonelectricity generation technologies. Other barriers, such as regulatory and land-use barriers may be larger opportunities for policy to have an impact on geothermal development in these locations. In California, for instance, electric capacity has developed in the presence of other incentives, but without a tax incentive.
Non-Tax-Related State Financial Incentives:
Sixteen states and the District of Columbia have other financial incentives for geothermal power including grants, loans, and loan guarantees. Table 5 shows the availability of "geothermal" incentives in states compared with the amount of operating or planned geothermal capacity. There is not a significant correlation between these incentives and higher installed hydrothermal capacity in a state. As with tax incentives, these incentives are likely so broad in definition that the benefit to geothermal electricity production decreases. Even when appropriately applied to geothermal in scale and scope, effectiveness of the incentive changes with changes and advances in technology, and that may be critical in the case of geothermal technology development. The total fund is equal to $1.87 B (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) Despite the lack of correlation between individual state policies, developers seeking out RPS and other policies indicate that policies are of some value to developers looking for energy investments (Fleischmann 2007) . The previously described contextual factors (including electricity prices and volatility, resource availability, regulatory environment, amount of previous characterization, exploration, and drilling has occurred) are important, but are difficult to quantify in the literature. Research into their relative impacts is just getting under way (e.g., Brown and Busche 2008, Doris et al. forthcoming).
Chapter Summary
To summarize the review, the historical and current policy picture reflects a piecemeal approach to geothermal resource development, and often reflects geothermal development as a part of collective renewables policies, without geothermal-electric specific policies in place. Moreover, multiple technologies that involve using the earth are sometimes defined as geothermal in the policy language, despite the differences in public policy needs of the technology. These challenges result in difficulties in evaluating policy impacts on electricity from geothermal resources, because electricity production technology is then in competition with other renewable technologies that may be further along in development or better understood by the public, and are therefore chosen.
The findings are inconclusive as to the direct impact of specific policies on electricity production from geothermal development, although there appears to be a connection between federal policies and historical geothermal development. Finally, there is empirical and qualitative evidence that the impact of state-level policies are funding-limited instead, resulting in a lack of private sector investment related to the uncertainty of actually receiving the incentive before the state funding is exhausted. That is, incentives for central generation geothermal need to be sized appropriately to the amount of investment needed larger scale, and often state policies are too limited in their ability to fund incentives to have a large impact on project costs.
These two results -lack of a focus on geothermal-electric development specifically and lack of adequate resources to support the specific technology -form the basis for the final section of this report, which identifies options for filling the gaps in policy development through additional measures and innovative mechanisms (e.g., feed-in tariffs) that may have a larger impact than the current suite of policies.
Chapter 3. Moving Forward: Geothermal Policy Options Overview
This section identifies the primary gaps in current geothermal development policies and use current and innovative policies to fill those gaps to optimize development. As described in the introduction to Chapter 2, the following policy attributes may be the most effective at correcting market failures that apply to geothermal resources:
The findings indicate that there are several gaps in current policies where they could be strengthened to increase their impact, including increasing funding and policy consistency.
Gaps and Opportunities in Current Policy Structure
Current in-place policies have not triggered large-scale market penetration for geothermal relative to the potential resource. Primary observations regarding geothermal policies are is that they do not focus on the geothermal market specifically, they do not present a cohesive slate of policies for optimizing development, and there is evidence that they are not appropriately funded or targeted for optimizing geothermal growth. Within this context, the primary gaps within the current slate of policies are:
Geothermal-Specific Policies and In-Policy Carve Outs.
Developing policies specifically for geothermal electricity production would allow for targeting of the specific needs of the technologies that take advantage of geothermal resource, rather than for a suite of technologies with variant needs. Increasing the specificity of the policies can lead to higher impact policies. In addition, for policies that can target large-scale capacity building, such as RPS, the use of targeted geothermal development has been limited. Solar technologies have seen success in this strategy, as it increases the value for the more expensive technology and can create investor certainty to encourage development. The one state that has done this for geothermal is New Mexico, and while outcomes are yet to be determined, it appears to be increasing interest in geothermal development in the state.
Improvements in Current Policies
In addition to implementing new policies, aspects of current policies can be improved to strengthen their impact. These aspects include:
Consistency. The growth pattern of emerging technologies can depend on policy funding levels and consistency of policies over time. Geothermal facilities require multiple years to plan and build, so the reduction of risk to investors and builders needs to be secure throughout the process, or the level of risk will become a barrier to development. Policies that target geothermal need to ensure consistency by being in place for at least 8-10 years.
Adequate Funding. Rapidly sold-out financial incentives and those designed for small distributed generation are not adequate to trigger geothermal development. To solve this challenge, improving policy design for geothermal electricity-targeted policies, increasing the level of investment in the incentives at the state level, or increasing federal investment in R&D to lower the cost of technologies (thereby making the state incentives more effective at lowering the price) are options.
Appropriate Audience. Large-scale geothermal projects involve stakeholders from a variety of sectors, including utilities, land-owners, environmentalists, policy makers from multiple jurisdictions, developers, and investors. Current policies may target one or more of these, but do not address the multiple needs of stakeholders together. Doing so is challenging, but can be done through coordinated policy development and implementation that targets both barrier reduction and financial incentives, as well as policy stability over time.
State-Level Permitting Alterations to Remove Institutional Barriers.
While this report addresses policy barriers in general, there are several potential improvements to current policies that could address institutional barriers. For example, because one of the largest barriers to geothermal resource development is ensuring financing and policies throughout the exploration process, it would be helpful for permitting procedures to require all future wells (water, gas, oil, geothermal, research, etc.) to require submission of well data (depths, geology, flow rates, test results, well logs, construction, etc.) to the state in order to remain current. The data could be fed into a data center that could be publically accessible and relay information in a streamlined fashion to developers of future projects. The DOE Geothermal Technologies Program is currently funding the development of a data system to house such information.
Innovative Policies and Programs
In addition to strengthening and expanding the current suite of policies, there is a role for emerging policies to play an increasing role in development if those policies are designed to optimize benefits of geothermal. Feed-in tariffs and policies that prepare the market through agency coordination are such policies that could have a large impact on geothermal development. In the past, agency coordination has played a major role in successful projects (Fleischman 2007) . Subsequently, an innovative program that draws together agencies in coordination on projects is also described.
These policy and program strategies are suggested as potential reforming improvements to the current policy patchwork. They require further thought and examination to ensure geothermal resources are maximized through their implementation, but this first look provides an overview.
Feed-In Tariffs (FIT)
A feed-in tariff (FIT) is a fixed-price payment for renewable energy generation. FIT policies typically require utilities to purchase electricity from qualified renewable energy generators at a guaranteed price for a guaranteed period of time. This guaranteed payment is often coupled with guaranteed grid access. These payments can be differentiated according to the technology type, project size, quality of the resource, and a number of other project variables (Couture et al 2008) .
Feed-in tariffs have had a major impact on the large-scale development of renewable resources internationally. They have been used extensively in Europe for nearly two decades, which has created two of the largest markets for wind in the world. FITs have also driven investment in geothermal in Europe, where resource potential is not as strong as in the United States.
As a policy option, FITs have several advantages. FITs provide investor security, because the policy provides a guaranteed revenue stream and stable, long-term contracts. FIT policies are put into place over a long period of time to provide policy stability and reduce uncertainty. Yet, FITs are flexible in that policymakers can adjust payment levels to accurately reflect technology costs and avoid overpayment. To drive innovation and cost-reduction over time, FIT policies have built-in payment level revisions.
The disadvantage of FIT application to geothermal projects is that the mechanism does not address the regulatory and R&D issues associated with geothermal. These include leasing barriers that exist for geothermal and exploration and technology development assistance. Due to the specificity of the electric markets, the appropriate implementers of FIT policies are at the state level (Couture et al 2008) . Such policies can complement or replace state RPS policies in order to reach renewable energy targets established by the states.
Agency Coordination
Geothermal resources with central-generation capacity potential are often located on public lands that are at the intersection of multiple agency jurisdictions. In the past, agency coordination has played a major role in successful projects (Fleischman 2007) . Policies that encourage or direct public agency coordination and public private partnership can create the environment for increased development of geothermal resources. In 2007, the BLM and USFS came together at the direction of the Energy Policy Act of 2005 to identify available land for hydrothermal resources and streamline the permitting process leasing that land to private entities for development. Continued public agency coordination in the identification and distribution of best practices for geothermal resource development is critical for the full range of technologies from hydrothermal to EGS. The BLM/USFS coordination resulting in the PEIS primarily directed toward hydrothermal technologies is an example of the beneficial impacts of coordination.
In addition to public partnerships, public-private partnerships are also highly effective in the development of central generation facilities such as those from geothermal (Fleischmann 2007, REN21) . The large time and economic costs associated with site identification, drilling, fracturing, and, navigation through complex regulation are eased by networks of partnerships. These networks can be particularly useful for emerging technologies such as EGS because the cost sharing aspects of partnerships defrays risks. This strategy is being used in one of the DOE geothermal program's funding opportunity announcements to support the development of costshared EGS (DOE 2008).
Chapter 4. Conclusions and Next Steps
According to the 2008 USGS/USFS Geothermal Resource Potential Study (PEIS), there is a significant amount of identified and undiscovered hydrothermal potential in the United States. The potential for EGS, when the technology is through the demonstration phase, is also expected to be extensive (MIT 2006) . The role of policy is to drive development of these resources by furthering technology development, reducing barriers and risk, and bringing down the price of development. It is clear from the experience that drove hydrothermal development in the 1970s and 1980s that R&D investment, public-private partnerships for the streamlining of permitting and project development, and consistent effective financial incentives are critical for success. Adapting policies to the needs of EGS as it develops will be important as well.
Technology R&D support is still critical for the geothermal industry, both for bringing down costs of developing areas of known and undiscovered hydrothermal potential and for advancing enhanced geothermal systems (EGS) technologies, an innovative generation method with large potential across the United States. There is significant potential for improvement in the areas of exploration and resource assessment and drilling. Despite recent actions of the PEIS, hydrothermal barriers still exist due to leasing and permitting constraints on federal lands, where much of the identified resources are located. Beyond barrier reduction, geothermal needs consistent support from both federal and state policies. State and federal policies should encourage utilities to enter long-term contracts with geothermal developers, because long-term power purchase agreements have historically made projects viable.
Ultimately, it is the confluence of policies, technology appropriateness, resource availability, financing mechanisms for appropriately timed risk reduction, and other context related factors that influence the development of actual geothermal resources for electricity. The current policy environment, while extensive, does not simultaneously repair the market failures inherent in geothermal development, and could be improved to better fill these gaps. Further analysis of the impacts of policies and incentives that target geothermal is needed so that states can choose appropriate mechanisms to reduce barriers and foster geothermal development.
At the federal level, R&D investments in technology improvement, price reduction, resource assessment, and drilling assistance are needed.
At the state level, expanded analysis of the potential impact of RPS and feed-in-tariffs on geothermal resources would provide insight into geothermal-friendly policy design, and current policies could be augmented through improved definitions for geothermal and required data feedback mechanisms to streamline future developments.
Lastly, analysis needs to be conducted on appropriate stakeholder involvement, including the role of public-private partnerships, technology incubators, and local governments in supporting geothermal.
Appendices Appendix 1. Case Study: The Federal Production Tax Credit and Geothermal Development
In 2005, the federal production tax credit was extended to geothermal power at a level of 1.9¢/kWh for 10 years for geothermal plants that are placed in service before the expiration of the credit. At that time, the credit was made available through December 31, 2006. It has since been extended to December 31, 2008, and more recently to December 31, 2013.
Before the inclusion of geothermal in the technologies eligible to receive the PTC, analysis was conducted at NREL on the impact on cost of energy of an inflation-adjusted 1.8¢/kWh PTC for geothermal. The impact of the PTC can result in a larger incentive than 1.8¢/kWh, because the policy also increases the certainty of project viability to investors, which can lead to improved financing conditions. The levelized-cost-of-energy (LCOE) metric reflects this potential additional benefit because it incorporates the improved financing opportunities over the lifetime of the project. LCOE for geothermal power plants financed through project and corporate financing was analyzed in the presence and absence of a 10-year production tax credit for the generation. The key findings were that a 10-year PTC has the potential to reduce LCOE by 25% from 4.6 to 3.2¢/kWh for a flash-steamed project under project financing, and by 44% from 5.0 to 2.8¢/kWh for a similar project under corporate financing (Owens 2002 ).
Since its enactment, the PTC has aided developers in financing new geothermal projects in the western United States. In fact, some developers cite the PTC as the most important incentive currently available for geothermal energy (Fleischmann 2007) . In Nevada, for example, 14 geothermal plants were developed between 1984 and 1992. When economics tightened for geothermal development in the 1990s (due to lower avoided-costs predictions leading to less favorable PURPA contracts), geothermal development in Nevada dropped off. No new geothermal power plants were developed in the state between 1992 and 2005, the year when the PTC first applied to geothermal energy. Drilling in the area had already been conducted, but the project did not go forward until the PTC was extended to geothermal (Fleischmann 2006b ).
Because of the availability of the PTC, many new geothermal prospects are currently under development. However, federal legislation has followed a pattern of repeated expiration and short-term renewal of the PTC. Approaching expiration dates, there has been uncertainty over whether the PTC will be renewed. Furthermore, the PTC policy has strict placed-in-service requirements that prohibit developers from receiving any incentives if they miss the cut-off date. This short-term strategy has been detrimental to the renewables industry because costs of starting and stopping production and planning are high, and because developers and investors are discouraged from making long-term investments.
There has been a clear boom-bust cycle in wind power investment because of uncertainty over the PTC. The challenge is even more defined for the geothermal industry because geothermal plants have construction lead times of three or more years (Gawell 2007) . The fact that placedin-service deadlines are so short poses extreme risk to developers. Since the development timeline is lengthy, geothermal developers must scramble to meet placed-in-service requirements in order to receive the tax credits. The reality that the PTC is never extended for more than a few years and that further renewal is always uncertain presents a major challenge for the industry. Geothermal development needs long-term planning and a consistent investment environment for projects to get off the ground. Industry advocates have continually urged Congress to extend placed-in-service deadlines for the PTC for at least 5 years (Gawell 2007) .
Appendix 2. Renewable Portfolio Standard and Geothermal Development in Nevada and California
While wind power has been the primary beneficiary of state RPS policies so far, geothermal is also getting developed and appears likely to do well in states with known geothermal resources and with certain RPS design considerations. RPS policies encourage utilities to enter power purchase agreements with geothermal developers, and long-term contracts help geothermal projects become economically viable.
Certain design considerations in California and Nevada have indirectly encouraged contracts with geothermal power generators. First of all, RPS targets are aggressive. Cost-effective geothermal plants are larger in scale than the more modular renewable technologies, leading to their success with aggressive compliance targets. Flexibility mechanisms (e.g., banking) allow for Renewable Energy Credits (RECs) generated by a geothermal plant to be banked if the generation exceeds the scale of the annual increase in RPS targets (Wiser et al 2003) . Finally, both states ensure equitable comparisons of different renewable sources, considering integration and deliverability characteristics, and call for "least-cost, best-fit" selection of renewable projects (Wiser et al 2003) . In these two states, at least, geothermal fits that bill.
California
California's RPS requires load-serving entities to meet a target of 20% by 2010 and 33% by 2020. Because revisions have made the RPS increasingly stringent, development activity is set to increase. The Californian RPS has no provisions that specifically encourage geothermal, but how the RPS is implemented may implicitly encourage geothermal development (Wiser et al. 2003) .
In particular, the legislation requires utilities to select renewable resources on a "least-cost, bestfit" basis, including consideration of transmission and integration investments. Additionally, the legislation requires utilities to consider the delivery profile (baseload versus peaking power) of the resource.
Some analysts project California's RPS compliance scenarios with very large percentages of geothermal energy (Wiser et al. 2003) . The sheer quantity of capacity under development supports the supposition that geothermal will play a large roll in reaching 33% renewable electricity by 2020. As of August 2008, 1,016.6 MW of geothermal capacity are in various stages of development in California (GEA 2008b) .
Nevada
Nevada's RPS mandate was enacted in 1997, and made effective in 2001. Nevada set a high initial target for its RPS, calling for 15% of sales to be from renewable energy by 2013. Since then, an amendment has made the mandate more stringent, calling for 20% by the end of 2015.
Though there are no geothermal-specific design elements, the Nevadan RPS provides indirect support to geothermal through (1) consideration of integration cost and reliability impacts, and (2) in-state renewable energy certificate trading. As in California, utilities in Nevada are bound by the public utilities commission consider all renewable resources and select contracts that combine the best combination of low-cost supply and attractive delivery profiles. Additionally, all in-state generation is eligible, and does not need to be interconnected to the utility. Thus RPS implementation has allowed for the largest utilities, Sierra Pacific Power and Nevada Power, which are not significantly interconnected to any geothermal resources, to contract with geothermal projects in northern Nevada for power. Furthermore, Nevadan geothermal resources are somewhat favored because out-of-state renewable generators (that may be less expensive) are not eligible.
Since 2005, when the first plant was completed, four new geothermal plants have been installed in Nevada with combined capacity of 76 MW (GEA 2008a). Geothermal development is likely to continue at a fast pace supported by the state's RPS until the requirements are met, especially if wind integration continues to be a concern. There are currently 42 confirmed and 3 unconfirmed geothermal projects undergoing development in the state (GEA 2008b) . Total capacity of these new plants is estimated to reach between 1,083 and 1,902 MW. There are 21 early-stage projects that are securing rights, 10 projects where exploratory drilling and confirmation are underway, 6 projects that are securing power purchase agreements and final permits, and 5 projects that are currently under construction (GEA 2008b).
